METHOD
Twenty-eight experiments were performed on 56 mongrel dogs. The details of the experimental arrangement of the isolated Langendorf dog's heart preparation with cross circulation have already been published by the authors.14) Here, only one principal part is described.
As is shown in Fig. 1 intraperitoneally) and the donor dog (B), averaging 16Kg. and anesthetized with morphine and urethane (morphine HCl 10mg./Kg., urethane 1mg./Kg., both given subcutaneously). A tracheal cannula is inserted into the donor dog through which the animal respired 100% oxygen artificially at a rate of 225ml./Kg./min. The arterial blood drained from the common carotid artery of the donor dog was perfused by a Dale-Schuster type pump in the coronary arteries of the isolated heart of the recipient dog through the innominate artery under a constant temperature. The pneumatic resistance was placed in parallel through which the excessive amount of blood pumped out, overflowed directly to the venous blood reservoir and then to the jugular vein of the donor. In this way, the perfusion pressure of the coronary arteries of the receipient can be kept constant even though the coronary blood flow changes suddenly. The coronary venous outflow was collected through the pulmonary artery and measured by the automatic bubble flowmeter. The automatic bubble flowmeter is so constructed, that the speed of flow is recorded simultaneously with ECG without interruption.
An unipolar electrode was placed on the right auricle and the apex of the left ventricle. The A-V oxygen difference is measured by the Van Slyke apparatus and the myocardial oxygen consumption is calculated from the amount of the coronary flow and A-V oxygen difference. Initially 5,000 units of heparin is given intravenously to the donor dog and 2,000 units to the recipient.
After the cross circulation is established, 1,000 units per hour is added to the perfusion system successively. When the perfusion pressure and the blood temperature are kept constant, the cardiac rhythm in this preparation is kept fairly constant even after a lapse of 2 hours and the coronary blood flow and myocardial oxygen consumption increase only very slowly, even though there is a tendency to increase in some cases (Fig. 2) . No significant change is observed on ECG (Fig. 3.) , nor any marked change is seen in the myocardial tissue after 2 hours perfusion (Fig. 4) . A nonspecific histological change due to blood perfusion is occasionally noticed. A polyethylene catheter, 1 mm. in diameter, is inserted to the subclavian artery for the administration of the test solution for the cardiac arrest, and the tip of the catheter is placed close to the aortic ostium. The effects of the drugs were tested 30 minutes after the perfusion system is completed, when the state of stability was obtained.
First the perfusion in the heart was suddenly cramped off and the solution of test drug was given immediately through the polyethylene catheter, until the disappearance of the spontaneous heart beat was affirmed by the continuous ECG recording. After a certain lapse of time of cardiac arrest, the coronary circulation was reopened.
The effect of elective cardiac arrest can be analysed in 2 categories; the effect of anoxia by coronary occlusion and the effect of the drugs for inducing the arrest. In order to examine the effect of the anoxia without the cardiac arrest, the perfusion was simply occluded for a fixed period of time. The circulation was reopened and the process of recovery observed. Five minutes coronary ischemia, repeated 5 minutes coronary occlusion with interruption of 15 minutes perfusion, and 30 minutes coronary occlusion were made.
For evaluation of the test drug, the recovery process was compared for one hour among groups of the 30 minutes occlusion, with and without drugs to induce cardiac arrest. The isotonic solution of 2.5% potassium citrate, 2.5% potassium citrate together with 500mg. of glucose and 10 units of insulin, 2.5% potassium bicarbonate with glucose and insulin and 1.9% potassium chloride adjusted to pH 8.0 by sodium bicarbonate and added with glucose and insulin were used. Furthermore prostigmin, magnesium sulfate and potassium citrate solution recommended by Young et al.8) were tested. The ventricular fibrillation usually occurring by reperfusion, was set back immediately to the sinus rhythm by counter shock with 100V AC in 0.1 sec. duration. I. The coronary occlusion without drugs 1) Five minutes coronary ischemia Three minutes after the occlusion, lowering of ST, negative T and prolongation of PQ and RR intervals were noticed on the EGG. Tachycardia was observed at the beginning of the reperfusion and it lasted thereafter throughout the observation period. Coronary blood flow decreased gradually after the reactive hyperemia was over, but even after 30 minutes, it was at a higher level than before the occlusion. Myocardial Changes of heart rate, coronary blood flow and myocardial O2 consumption after 5 minutes coronary ischemia. oxygen consumption increased temporarily and returned to the control level within 15 minutes (Fig. 5) . Histologically, there was no noticeable change (Fig. 6) 2) Repeated 5 minutes coronary occlusion with interruption of 15 minutes perfusion
The changes in ST and T on EGG disappeared immediately after the reperfusion, but the heart rate and myocardial oxygen consumption remained at a high level . Though the coronary blood flow returned gradually to the preocclusion level, it remained high more or less. It was confirmed that the effect of double 5 minutes occlusions in 15 minutes interval acted as an additive effect in succession, as the effect of the first 5 minutes occlusion still remained after 15 minutes perfusion (Fig . 7) . 3) Thirty minutes occlusion After the occlusion, the heart rate gradually decreased and the contraction became weaker.
At around 10 minutes the visible contraction was not observable but P waves were still present in atrial lead which completely disappeared within 25 minutes (Fig. 8) .
The ventricular fibrillation occurred after reperfusion in all cases. After it recovered to the rhythmic beat by counter shock, the persistent tachycardia was a common incidence and continued.
The coronary blood flow after the reactive hyperemia gradually decreased, but it showed the persistently higher level than before the occlusion. The myocardial oxygen consumption varied nearly in parallel with the coronary flow (Fig. 9) . Some significant changes in the histological study such as highly developed degeneration, necrobiosis and necrosis of the myocardial tissue were noticed (Fig. 10) .
II. The coronary occlusion with the cardiac arrest induced by drugs 
1) 2.5% potassium citrate
The frequent heart beats after reperfusion were sometimes absent and settled to the initial value sooner or later. The coronary blood flow after a lesser degree of reactive hyperemia tended to decrease below the initial level to some extent.
The characteristic depression of the myocardial oxygen consumption immediately after reopening of coronary circulation increased gradually approaching to the value before the occlusion, but it never reached that level during observation (Fig. 11) . On ECG, a picture of hyperpotassemia appeared for a short period (Fig. 12) . Histologically, highly developed changes of mainly myocardial necrosis were produced in all cases (Fig. 13) . Fig. 11 . Changes of heart rate, coronary blood flow and myocardial O2 consumption in the case of cardiac arrest induced by 2.5% potassium citrate.
2) Combination of 2.5% potassium citrate, glucose 500mg. and insulin 10 units stabilized at a certain level during 30 minutes after reactive hyperemia and maintained a high value, the same as in the 30 minutes occlusion experiment.
The initial increase of myocardial oxygen consumption decreased gradually to a value lower than that before the occlusion similar to the potassium citrate experiment (Fig. 14) . No significant changes appeared in ECG except hyperpotassemia which lasted for a short period of time (Fig. 15) . Histological changes were apparently slight in comparison to the case of potassium citrate alone (Fig. 16) . 3) Combination of 2.5% potassium bicarbonate, glucose 500mg., and insulin 10 units
The results were subdivided in group A with comparatively slight (Fig. 17 ) and group B with rather severe histological changes (Fig. 18) . Both groups exhibited a prominent tachycardia as in the 30 minutes occlusion.
The coronary blood flow after a reactive hyperemia decreased gradually and in group A it increased again, while in group B it never increased but rather stabilized at low level. The myocardial oxygen consumption in group A showed sustained higher rate (Fig. 19) , but in group B it remained in a decreased rate even without an intial increase (Fig. 20) . The EGG did not show any difference from the case of potassium citrate, glucose and insulin. Approximately the same changes were observed in this case as that of 2.5% potassium bicarbonate, glucose and insulin. 5) Young's solution and prostigmin Bradycardia continued for a long time even after the release of the occlusion. The coronary blood flow after a temporary increase was maintained in a lower value than that before the occlusion. The myocardial oxygen consumption settled to a certain low value at an early period (Fig. 21) . The ECG pattern of the sinus bradycardia was recognized (Fig. 22) . Histologically, not so severe changes were observed (Fig. 23) . DISCUSSION 
Induced cardioplegia
has been widely used since Effler et al.5) reported it as an effective mean to facilitate intracardiac operation under direct vision. As agents for cardiac arrest, potassium citrate, acetylcholine, magnesium sulfate, mixed solution of potassium citrate and prostigmin (Young's solution), solution of potassium citrate and magnesium sulfate, mecholyl and potassium citrate, etc. have been used. Of these agents, potassium citrate has been most widely used as one that assures of a long cardiac arrest.
Lately, not a few reports have been observed which are critical of the process of elective cardiac arrest.
Cooley et al.12) has never used this process because it prolongs the period of total extracorporeal circulation and produces frequent ventricular fibrillation.
Lillehei et al.13) states that this process accompanies a great risk, when left ventricular hypertrophy and myocardial degeneration are present. Mines et al.15 ) examined the elective cardiac arrest which was induced by a solution of potassium chloride and magnesium sulfate, and found that it was safe and recovery assured as long as the arrest lasted not more than 35 minutes, but in the cases where it lasted more than 35 minutes various disturbances occurred with high rate of mortality.
The authors have noticed through experimental results ( Fig. 24 and Table I ), above all, histological observa- Fig. 24 . Changes in percent of heart rate, coronary blood flow, and myocardial O2 consumption (summarized from total data). 
SUMMARY
The isolated Langendorf dog's heart preparation with cross circulation was arranged for studying the effect of anoxia by coronary occlusion and cardiac arrest by drugs, potassium citrate, potassium bicarbonate, and potassium chloride with or without 500mg. of glucose and 10 units of insulin.
The heart rate, coronary blood flow, myocardial oxygen consumption and histological changes were studied.
(1) The more severe and profuse histological changes, mainly irreversible myocardial degeneration, were produced when potassium citrate was used than those produced by 30 minutes coronary occlusion.
(2) The effect of anoxia, i.e., the prominent reactive hyperemia, the sustained increase of the coronary flow and the oxygen consumption and the increase of heart rate observed by the 30 minutes coronary occlusion were definitely restricted by the use of potassium citrate.
The concomitant use of the glucose with insulin alleviated the toxic effect of citrate to some extent.
(3) The alkalization in order to avoid the metabolic acidosis of the heart muscle occurring during cardiac arrest left a long lasting tachycardia and thus produced an increase of myocardial oxygen consumption for a period of observation.
